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Mixed Propagator (MP) approach to p — u mixing is discussed. It is found that under the pole- 
approximation assumption the results of MP approach is not compatible both with the effective 
Lagrangian theory and with the experiment measurement criterion. To overcome these inconsistent, 
^ , we propose a new MP approach in which the physical states of p and ui are determined by the 

' requirement of experimental measurement to meson resonance. In terms of this new MP approach, 

I the EM pion form factor Ftt and form factors of Ti'^'y and of a; — > 7r°7 are derived. The 
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results of F^r are in good agreement with data. The form factor of p'^ — > ■k'^^ exhibits a hidden 
charge-asymmetry enhancement efltect which agree with the prediction of the effective Lagrangian 
theory. 
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, — Lo mixing (or — uj interference, or interference between overlapping resonances, or charge asymmetry caused 

• hy p — Ljj mixing and so on) has attracted much interest during past four decades. Since 1961 0], there is a great deal 
^-H \ of works on this subject in the literature (see, for example, review articles |^,^ and the references within). Recently, 
T-H 1 we used model-independent effective Lagrangian (eff-L) approach to discuss p— and w— anomaly-like processes of 
tt'^j, and of w ^ 7r°7 Q. It has been found that there exist a hidden charge-asymmetry enhancement effect to 
(-H — !■ TT^j due to p'^ — cij mixing. Namely, we have (by using the notations in ref Q) 



T 2 — if-,-i 2 
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'3 — -I- irripL p 

where the subscript 'eff-L' means the results obtained by in the effective Lagrangian approach. Due to F^j << Fp, we 



• have 



|/p07r07loff-L >> fio\'>-y ^ /p±7r±7 (2) 



f(o) 



This reflects an unusual charge asymmetry enhancement effect for p — s- 717. As addressed in Q, this hidden effect has 
already been implied by experiment jsj. 

On the other hand. There is a well-known quantum mechanics method to deal with the p ~ lu mixing problem: the 
approach of mixed propagator with pole approximation (shortly, we will call it as pole-Mixed-Propagator approach, 
or pole-MP approach) |40]. This approach was developed even before discovery of QCD. A question arisen here what 
are results for p^ n j and uj — s- tt'^j in pole-MP approach? The vector meson propagator is given by (Renard 
representation) 
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D^,{q') = J d^xe~'''-^0\T{V^{x)V,{0)}\0) 

= D{q^)g,,, + ^{D[0) - D{s))q^q, (4) 
where s = q^ , and the propagator function D{s) is written in the foUowing way 

For multi- vector-meson channels, W{s) is complex mass-square matrix with non-zero off-diagonal elements in general. 
The basic assumption for pole-MP approach is that the physical states are eigenvectors of W{s), or the complex 
mass-square of physical state is determined by the following equation 

det[s - W{s)] = 0. (6) 

For p — uj case, the solutions of this physical condition equation are follows ^ 

\pl) = \p'j)+e\c.j), (p°| = (p?|-e(c^z| 

K) = |c.,)-6|p?), {C.,\ = {u;",\+e{p^,\ (7) 

with 

-m-^ + i(m^l ^ - mpl p) 

where and \ujp) denote physical p^— and uj— states under the pole approximation assumption respectively, 
= |1,0) and \u)i) = |0,0) are in the isospin basis, and Up,^ = {p^\W\uJi). Note that e is not a real number, and 
hence the transfer matrix from isospin basis to physical basis is not unitary. The physical states are normalized in 
following way 

{a\b)=Sab and I = ^ |a) (a| = ^ |a)(a| (9) 

a a 

where a, b = p^ or ujp. Because the transfer matrix between the isospin bases and the physical one is not unitary in 
the pole-MP, the relations of eq. (Q) can not be realized in the formalism of unitary Lagrangian field theory. Since it 
has been widely accepted that the effective Lagrangian field theories inspired by QCD conceptions (e.g., VMD, large 
Nc expansion, non-linear realization of chiral symmetry, WCCWZ realization, WZ-anomaly, hidden local symmetry 
and so on) is legitimate and useful to study p— and uj— physics that the pole-MP approach contradicts to effective 
Lagrangian field theory is a difficulty for pole-MP. 

To show the differences between two approach further, let us consider p°,ct; tt'^j decays in the pole-MP. Again, 
using /pO^o^, /(j^o^ and f'^^^o^i fflo^ to denote the physical coupling constants and the isospin-basis constants 
respectively, we have 

mp^{ml) 



f I _ AO) , OLLp^yUipJ 

r I _ .(0) , 1 ^pujjml) 

'^^ ^ S - m-'p - i(m^l ^ - TTipL p) 



where f^f^o^ = 3/^o]rO^ has been used. Comparing eq. (|l|) with cq. ( |10D and noting << Pp, we can see 

/p07r07lpolc-MP ^ fiolo^ « /p07r07 |cff-L (H) 



pu^u^ 

(0) 



;ff-L 



Eq. ( prj ) indicates there is no the hidden charge-asymmetry enhancement effect for — > tt^j mentioned above in the 
pole-MP formalism. The result of pole-MP approach to p° — > tt'^j is significantly different from one of eff-L. Thus we 
learned that there may be something wrong. The purpose of this letter is to re-examine the pole-Mixed Propagator 
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approach, and propose a new mixed propagator approach based on the criterion of experimental measurement to 
meson resonances. 

Let's consider whether the pole-MP assumption on physical states eq. (|^) is consistent with the experimental 
criterion to measure the physical meson resonance or not. We first consider the single vector meson resonance channel 
case. The of eq. (^) is now the ordinary propagator of a vector meson. The reaction amplitude for a process by 
the medium of this vector meson resonance reads 

M ~ J^D.^J^ = (Ji . ^2)^3^ (12) 
where and represent some currents and q^iJi 2 ^ 0- The reaction probability is 

(13) 

The meson resonance mass measured in the experiment is real and is determined by the location of the maximum of 
(t(s)— peak in real s— axis. Then the resonance mass is determined by the following equation 

%^W{s)\^=Q (14) 
OS 

Consequently, the mass-square of the resonance, M^, is determined by the solution of above equation, i.e., 

s = [ReW - - — {W*W + M^VF*)](1 - —ReW)'^ = M^(s). (15) 
4 OS OS 

Now return to — to two channel case, W{s) and hence Af^(s) are 2x2 matrices. The mass determination equation 
for physical resonance states should read 

det[s- M^{s)]^Q. (16) 

The physical states then are the eigenvectors of the real mass-matrix NP . Obviously, the corresponding pole-MP 
equation (^) is definitely different from above mass determination equation derived from the experiment measurement 
principle to physical resonance states. It indicates that the the pole-MP is not consistent with the criterion of 
experimental measurement to the physical resonances. Consequently, we should use eq. ( p^ to define true physical 
p— and a;— fields, and rule out the condition of eq. (|^). For convenience, we will call this method hereafter as 
Experiment-criterion Mixed Propagator approach, or expt-MP approach. 

Now let us use expt-MP to fit experiments. Following refs and using Breit-Wigner approximation, we have 
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npa;(s) ml^-i^/sT^ 



Considering Imllpcj is small and hence ignorable , we get 

ReW = ( ""'^ ^"^^^^ 
\ np^(s) ml^ 

Then, in dReW/ds, only off-diagonal elements of dUpuj/ds is left. Generally, for a broad class of models Ilpuj{s) at 
(p— , a;— )resonance energy region can be determined by taking VMD-type p — uj mixing Lagrangian Cp^ — fp^iP^'^^^pu 
( Vi"" = df^V - d''V>', V = p,Lu). It leads to Up^{s) = fp^s which satisfies U{s = 0)p^ = required by generic 
consideration in ref lliol. Thus, we have 



d „ „ n 



— = fp^ = ^U,„2 ~ 6.7 X 10-3 « 1 =^ 1 - {dReW/ds) ~ 1. (17) 



where \llp^ \ ~ AOOOMeV'^ jl^ has been used in the estimation. Furthermore, noting Ti^/rrii^ ^ 1, we have 



i-i-puj 2 y^Pl ^ '"'ui) ds -^^P 



Af^ = '"-PI — '-'-P'^ - ly'-pi ^ '"^/^aJ^V" (18) 

V Hp^ - i(m2^ + m2 J^Hp^ ml^ J 
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where the off-diagonal elements of matrix represent the p — u) mixing in the isospin basis. The physical p and 
Lu are eigenstates of M^. Because A/^ matrix is real and symmetric, distinguishing from the transformation from 
isospin basis to physical basis in the pole-MP, the corresponding transfer-matrix of expt-MP is unitary. matrix 
is diagonalized by the unitary 2x2 matrix C: 



ml 



where 



Consequently, the solutions of expt-MP 's physical state condition of eq. (^6|) are follows 

|p°) = |p°)-,7M, {pI\ = \pI)^ 

\L0p)^\L0l)+T^\p°j), K| = |^p)t. (20) 

Under this transformation, we have 

CWC^ = J ^ (21) 

where Zp — m^ — impTp, z^ — ml — im^^Ti^, and T = Ilpi^ — rj{z^ — Zp) are all defined in the physical state basis of 
expt-MP. The propagator function in the physical basis reads 

D^is) = C{s - W)-^C^ (s - CWC^)-^ 

(s-zp)"i {s - zpy^T{s ~ z^y^ 

{s - z^y^T{s - Zpy^ {s-z^y^ 

jjp D^TD^ \ f \ 

^pp ^pp^ ^'^^ \ = I ^pp ^p^ 1 foo-] 

TD^ DP - \ D^ DP ■ ^ > 

For V — X-vertex {V = p, uj and X represents other particles), fy-^ denotes the corresponding form-factor, fy^ 
and fyx denote the coupling constants in the physical basis and in the isospin basis respectively. 




(b) 

FIG. 1. The relation between the form factor of — X vertex and the corresponding 
coupling constants for the vertices, where V = p in Fig. (a) and V — lj in Fig.(b). 
In the left-hand side, the black dots in the vertex represent the form factor. In the 
right-hand side, the coupling constants are at the vertices. The single thick (dash) lines 
denote for p— propagator Dpp (oj— propagator D^^), and the thick-cross-dash lines (or 
dash-cross-thick) line denote the mixed propagator Dp^ (or D^p). The thin lines are 
external lines of X-particles. 



Since = D^p 7^ in the expt-MP, generally, the form factor is different from the corresponding coupling 
constant, i.e., fyx 7^ fvx (^y contrast, fy^ — fvx i'^ pole-MP approach due to D^^ = D^p = 0). From Fig.l, we 
have 

^vvfvx = Dypfpx + Dy^f^xi (23) 

with 
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fpx — fpx ~ ''ifLx f^x ~ fix + vf^j' ■ (24) 

In terms of eqs. ( p^ ) and (^4|) the time-like EM pion form-factor is given, in the p — uj interference region, by 



= 1 



fP fP fP fP ( fP fP + fP fP \T 

J pjJ pTTTT J uj^J lout: \J pjJ UTTTT ' J wyJ piTTT ) 



S-Zp s-z^ {s-Zp){s-z^) 

(fP fP + fP fP )T A 1 
1 + (/j;/;.. + ^^^-^^^ ^^--^^P-^ )(^ + ^e^*^), (25) 



with 



where fj,^^ = 3fuy and /i,°^7r = have been used, and (j) is Orsay phase. Using Ep^^ ~ —AOOOMeV'^ in eq. (p^), we 
obtain that ^ ~ 0.012 and (j) is equal to about 100° 101° as s varies from to m^. These predictions are in good 
agreement with experimental data pl| ] , and hence the expt-MP approach is legitimate to describe the p — lo mixing 
effects in the pion EM- form factor. 

n' 7 I T p" I y o) 

„— IW\N\f\„- + AAAAAT"^ — + AA/VW •x ^- 
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FIG. 2. The Electromagnetic(EM) pion form factor. Indications of the hnes 
for the propagators are same as Fig.l. The black dots are form factors. 

Now, we study the anomalous-like — > ir^-f and uj tt'^j decays in terms of the expt-MP approach. Namely, 
taking X = tt'^'j in eq. (p3|), we have 

r)P fP = r)P fP -A- r)P fP 

^PpJp°7T°1 ppJ p°-!r°1 ' pi^J LUTT^f 

and hence 



fF _ AO) _„Ao) J .(0) 

T 



r t^TT 7 P 7 _ _|_ J^^J^ ^ p-K 

where eqs.( ^ and ( ^ have been used. Considering I77I ~ 0.006 << 1 and T ~ IIpi^, we finally obtain the desired 
results in the expt-MP formalism as follows 

t \ ^ fF ^ AO) IIpo^ „(0) 

' '^'^ ' — -I- impi p p ^ i 

Noting f^lo^ — 3/^0 1^0^ I above equations are same as eq.(l). Consequently, this result indicates that the charge- 
asymmetry enhancement effect to p" tt^ revealed in ref. Q by using the effective Lagrangian theory has been 
confirmed in expt-PM approach. 
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To conclude, the Mixed Propagator (MP) approach to p — w mixing is investigated in this letter. It is found 
that under the pole-approximation assumption the results of MP approach is not compatible both with the effective 
Lagrangian theory and with the experiment measurement criterion. This fact indicates the pole approximation for 
determining the physical basis of p and oj is inadequate and ad hoc. To cure these diseases, we propose a new MP 
approach in which the physical states of p and uj are determined by the requirement of experimental measurement to 
meson resonance. In terms of this new MP approach, the EM pion form factor and form factors of p'^ 7r°7 and 
of w ^ 7r°7 are derived. The results of F^r are in good agreement with data. The form factor of p° — > 7r°7 exhibits a 
hidden charge-asymmetry enhancement effect which agree with the prediction of the effective Lagrangian theory, i.e., 
the conclusion of ref. Q has been confirmed. 

We are pleased to acknowledge K.F.Liu for helpful discussion. 
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